Summary.
The ultrastructure of ciliary muscle was studied in an old, healthy crabeating monkey.
In The fine structure of the ciliary muscle of primates has been studied by SHIOSE (1961) , ISHIKAWA (1962) and ZYPEN (1970) in man; HIRANO (1965) in the crab-eating monkey; UGA (1967) in man and the crab-eating monkey; ZYPEN (1967) in man and the long-tailed monkey. However, the interest of these authors was usually concentrated on the pattern of neuromuscular contact and not always on the cell itself.
Recently, ZYPEN (1970) has observed age changes in the muscle cell as well as in the stromal connective tissue in the human ciliary body.
The present investigation deals with the cytology of the ciliary muscle of an old monkey, and reports several interesting specific inclusions that were not described in previous papers on the monkey species. Particularly, some of these inclusions have not been observed up to date in the ciliary muscle of any other species.
Material and Methods
An old, healthy crab-eating monkey with gray hairs and baldness on his head was used for this study. The entire eye was carefully enucleated from the orbit under thiamylal sodium anesthesia, and the posterior one-third of the eyeball was cut away with a razor blade. The separated anterior two-thirds was immediately dropped into cold 1% osmium tetroxide buffered by Millonig's solution (pH 7.4) containing 10mg of glucose per ml. Within 20min, the ciliary body was isolated from the surrounding tissues with a small scissors under a dissecting microscope. It was cut into small pieces and fixed in fresh cold fixative mentioned above for 2hrs. Fig. 1 . A part of the radial portion of the ciliary muscle. The nuclei (N) are surrounded by numerous mitochondria. So-called dense bodies (d) and myofilaments are sparsely distributed in the cytoplasm. In a longitudinally sectioned upper cell, a centriole (c), Golgi complexes possessing dilated cisternae (G), lipofuscine pigment (p), lysosomal dense bodies (l), and a small whorl-like structure containing a mitochondrion and cytoplasm in its center (W) can be seen. In a transversely sectioned cell (bottom left), large swollen mitochondria (M) are visible. n Nerve endings, nf unmyelinated never so-called dense bodies (d) regularly disposed along the plasma membrane. n Nerve ending, nf un-After dehydration through graded concentration of acetone, the specimens were embedded in epoxy resin according to LUFT (1961) . Thin sections for the electron microscope were cut on a Poter-Blum microtome, doubly stained with uranyl acetate and lead acetate and examined under a JEM 6C or T7 electron microscope. On the other hand, thick sections for orientation were made on the same microtome, stained by 0.1% toluidine blue and observed under a light microscope.
Observations
The smooth muscle cells of the old crab-eating monkey ciliary body are longelliptic or spindle-shaped in oblique or longitudinal sections with a more or less irregular outline ( Fig. 1-3 ). They are, as described by previous authors (ISHIKAWA, 1962; HIRANO, 1965; ZYPEN, 1967 ZYPEN, , 1970 , grouped in small bundles which are separated by individual sheaths of flat fibroblasts in combination with a few collagenous fibrils and few melanophores.
Each muscle cell is enclosed by a basement membrane and connects with adjacent cells, often by short, narrow protrusions ( Fig. 1, 3 ). At such connecting portions, one can usually see zonula abherens ( Fig. 3 ), but occasionally zonula occludens (Fig. 4) .
The nucleus is round or oval in cross sections and elongated in longitudinal sections, being located in the center of the cell body ( Fig. 1, 17 ). It has one prominent nucleolus. The surface of the nucleus appears smooth, but the outer nuclear membrane is undulated ( Fig. 13 ) and sometimes protrudes deeply into the cytoplasm to associate with the formation of dense, coarse membranous structures mentioned later (Fig. 10 ).
In longitudinal sections of the cytoplasm, exclusive of the areas filled with tightly packed mitochondria, there are observed numerous myofilaments running parallel to the long axis of the muscle cell ( Fig. 1, 2) , whereas in transverse sections these myofilaments appear to be composed of electron-dense thick elements and less dense thin ones surrounding the former (Fig. 3) .
So-called "dense bodies" are randomly distributed in the cytoplasmic areas containing myofilaments and are interspersed also on the plasma membrane ( Fig. 1-4 , 17). In some cases, several rod-like dense bodies disposed at approximately right angles to the cell surface, are regularly anchored, at constant intervals, on the scalloped plasma membrane (Fig. 2) .
The mitochondria, round or elongated in profile and occasionally branched, range are densely packed in the large areas by both poles of the nucleus (Fig. 1) . However, occasional large, swollen mitochondria with few cristae and a less dense matrix ( Fig. 1) or singly in the peripheral cytoplasm.
The Golgi area, though it is often partly surrounded by mitochondria, is situated near one or both poles of the nucleus and contains some sets of the Golgi complex ( Fig. 1 , 5, 11, 13) . Each Golgi complex is well-developed, and consists of several layers of flattened and/or dilated saccules or cisternae and associated numerous vesicles containing a moderately dense material (Fig. 5, 13) . Mingled with these vesicles, a small number of coated vesicles can be seen (Fig. 11) internal membranous structures (L) and a lysosomal dense body which indicates a transitional form activity are present along the plasma membrane, except for the sites of dense bodies ( Fig. 1, 17 ). In some cases, some of these agranular forms of endoplasmic reticulum, including caveolae, are remarkably dilated or elongated, and enclose adjacent normal or abnormal mitochondria, or connect with dense, coarse membranous structures ( Fig. 9, 10 ). Glycogen granules are not noticed.
In some muscle cells, myelin-like figures usually similar in shape and size to the neighbouring mitochondria ( Fig. 6, 7 ), dense coarse membranous structures frequently arranged in lamellae to form a large dilated cisterna centrally ( Fig. 9 , 10), and lysosomal dense bodies (Fig. 1, 5, 8, 11, 12, 16) are present in combination with or without large, swollen mitochondria. The myelin-like figures are located mainly in the regions closely packed with mitochondria, while the dense coarse membranous structures and lysosomal dense bodies are usually in or beside the Golgi area. In some cases, these myelin-like figures seem to contain in their center a degenerated mitochondrial matrix (Fig. 7) . In other cases, they are smaller in size and restricted within a portion of a mitochondrion.
Such a mitochondrion frequently has short protrusions which show partially myelin-like figures and connect with adjacent mitochondrial membranes by interdigitation (Fig. 8) . In some sections, the small-sized, myelin-like figures or the coares membranous structures seem to be in close contact with the outline of normal or abnormal mitochondria (Fig. 9) . near or within the Golgi area in the cells which have relatively many lysosomal dense bodies (Fig. 1 , 5, 11, 13, 16) . The former bodies frequently have internal membranous structures or are occasionally enclosed in a membrane-limited, electron dense homogeneous mass (Fig. 5, 16 ) and usually appear singly, but sometimes as a conglomeration of two or three bodies. The latter heterogeneously dense bodies consist of some electron lucid lipid droplets or the lipid-like bodies mentioned above and many dense granules of varing size embedded in a common granular matrix (Fig. 11,  13 ). They have a poorly defined limiting membrane ( Fig. 13 ) which is not always discernible in sections, and are thought to be lipofuscin pigments. branous structure which connects with some elongated cisternae of agranular endoplasmic reticulum (arrows) and is in contact with a protrusion of the mitochondrion (m). In this case, the dense, coarse membranous structure is thought to have been originated from the elongated (Fig. 1, 14) . These structures often have one or more mitochondria and cytoplasm centrally, and show thier peripheral portions connecting with agranular endoplasmic reticulum (Fig. 14) . In rare instances, the whorl-like structures are studded with ribosomes at their peripheral portions (Fig. 15) . In some muscle cells, there are present small-sized whorl-like structures in which a mitochondrion is enclosed only by one or two layers of agranular endoplasmic reticulum (Fig. 1) .
In the intercellular spaces between the smooth muscle cells there are many profiles of unmyelinated nerve fibers and their endings containing synaptic vesicles (Fig. 1, 2 ). Different types of neuromuscular contact in the ciliary muscle reported by several authors (ISHIKAWA, 1962; UGA, 1967; ZYPEN, 1967) are confirmed.
Some of the muscle cells in the inner portion of the radial fibers, are characterized by the presense of a small number of mitochondria and a poorly-developed Golgi complex, though the myofilaments are not particularly decreased in number as compared with those in other cells (Fig. 17) . Such cells are usually surrounded by a large amount of collagenic fibrils and connect with each other.
Ordinary smooth muscle cells containing numerous mitochondria intervene among these cells (Fig. 17) . The smooth muscle cells of the ciliary body in the crab-eating monkey observed in this study were similar in appearance to those previously reported in the human (SHIOSE, 1961; ISHIKAWA, 1962; ZYPEN, 1970) and monkey (HIRANO, 1965; ZYPEN 1967 (BENNETT and COBB, 1969; KELLY and RICE, 1968; PANNER and HONIG, 1970) . In the present observation, however, two types of myofilaments were thought to be distinguishable in cross sections of the smooth muscles, as seen in the same muscle of the human (ISHIKAWA 1962).
Lipid droplets which occasionally appeared in the cytoplasm, were not described before this time in ciliary muscles except in the human (ISHIKAWA, 1962).
As for the mode of junction between two adjacent cell membranes, the previous authors described only desmosomal contact (ISHIKAWA, 1962; ZYPEN, 1967) or zonula adherens (HIRANO, 1965) and denied the presence of the nexus (HIRANO, 1965) seen in most other smooth muscles.
In the present study, however, the nexus (zonula occludens) was occasionally encountered (Fig. 4) . (HIRANO, 1965; UGA, 1967; ZYPEN, 1967 (ZYPEN, 1970) . The interdigitation between adjacent mitochondria having small myelin-like figures has been reported in the liver cells of rats given insulin and glucose (BEUX et al., 1969) and in the mouse hepatic cells with riboflavin deficiency (TANDLER et al., 1968) . In the present observation, many of the myelin-like figures were similar in shape and size to the surrounding mitochondria and sometimes contained a degenerated mitochondrial matrix centrally. Therefore, it may be assumed that they are formed by phospholipid degeneration of mitochondrial membrane (BEUX et al., 1969) and indicate one type of mitochondrial degeneration.
The coarse membranous structures of high electron density in the present study are thought to be almost identical in shape and structure to the "lamellar bodies" termed by ZYPEN (1970) in old human specimens. ZYPEN has suggested that the lamellar bodies originate from the Golgi apparatus and are the same in nature with mitochondrial myelin-like figures, and that with advancing senility the whole central region of a ciliary muscle cell is ultimately changed into a large lamellar body. However, the coarse membranous structures found in our study seem to derive not only from the Golgi complex but also from parts of the agranular endoplasmic reticulum distributed in the cytoplasm, since they were sometimes singly present also in the peripheral cytoplasm usually lacking in the Golgi complex and connected with elongated or dilated cisternae of the agranular endoplasmic reticulum (Fig. 9) . Furthermore, in rare cases, the outer nuclear membrane also may be associated with the formation of these coarse membranous structures (Fig. 10) . Accordingly, it can presumed that the extremely enlarged Golgi cisternae, the remarkably elongated or dilated cisternae of agranular endoplasmic reticulum, and the deeply protruded outer nuclear membranes, occasionally observed in this study may indicate the outset of the formation of the coarse membranous structures, and that in the progressive stage, part of such intracytoplasmic membranes may be changed into the coarse membranous structures probably by its phospholipid degeneration resulting in membrane fusion. Therefore, the present author also believes that the myelin-like figures and the coarse membranous structures are the same in nature, though they are different in origin. In this study round, lipid-like bodies frequently with a dense internal membranous structures, and large, heterogeneously dense bodies, were observed near or within the Golgi area. The former were thought to resemble "homogen-schollige Substanz"
in old human ciliary muscles (ZYPEN, 1970) , while the latter were identified as lipofuscin pigments because of their morphological characteristics (BLOOM and FAWCETT, 1968) .
Lipofuscin pigments, also called "Abnutzungspigment," "wear and tear," or "aging" pigments, increasingly accumulate in cardiac muscles with aging (STREHLER et al., 1959; JAMIESON and PALADE, 1964; MUNNELL and GETTY, 1968; FAWCETT and MCNUTT, 1969) . To the author's knowledge in smooth muscles, however, the pigments have not been described under normal conditions except in myoepithelial cells (KUROSUMI et al., 1960; ELLIS, 1965) and old human Ciliary muscles (ZYPEN, 1970) . Recently, the localization of acid phosphatase has been electron microscopically demonstrated in lipofuscin pigments (MIYAWAKI, 1965; FRANK and CHRISTENSEN, 1968) , and it has been supposed that the pigments may be undigested residual bodies resulting from lysosomal activity (JAMIESON and PALADE, 1964; GORDEN et al., 1965; GOLDFISHER et al., 1966; FRANK and CHRISTENSEN, 1968) . The lipid-like bodies in this study then are thought to belong to residual bodies, since bodies similar to the former are frequently contained in the lipofuscin pigments.
In fact there were observed even some transitional forms between lysosomal dense bodies and lipid-like bodies (Fig. 5, 16 ). In addition, some lipid-like bodies were enclosed in a membrane-bounded dense mass resembling lysosomal dense bodies (Fig. 16) . Therefore, these findings strongly suggest that the lipid-like bodies were derived from lysosomal dense bodies. Judging from their localization and structure, the lipofuscin pigments observed in this study are thought to occur by agglomeration of lysosomal dense bodies and lipid droplets or lipid-like bodies, probably residual bodies, distributed in and near the Golgi area (Fig. 11) . Furthermore, it has been reported that some coated vesicles are primary lysosomes (FRIEND and FARQUHAR, 1967) , and that the Golgi complex, multivesicular bodies, and lysosomal dense bodies are intimately related to each other, with regard to production, transport, and function of lytic enzymes (GORDEN et al., 1965; SMITH and FARQUHAR, 1966; HOLZMAN et al., 1967; LANE, 1968 (EMMELOT and BENEDETTI, 1960; SALMON, 1962; HERDSON et al., 1964; STEINER et al., 1964; STENGER, 1966) , lutein cells (ENDERS and LYONS, 1964) , adrenal cortical cells (GLACOMELLI et al., 1965), parathyroid cells (STOECKEL and PORTE, 1966) and proximal tubular cells of the kidney (LEAK and ROSEN, 1966) , but also under normal ones of testicular interstitial cells (CARR and CARR, 1962; CHRISTENSEN, 1965; CHRISTENSEN and FAWCETT, 1966) , neuroglial cells (PIPA et al., 1962) , lutein cells (BLANCHETTE, 1966; CRIPS et al., 1970) , follicular glanulosa cells (BJERSING, 1967) , and epithelial bronchial cells (PETRIK and COLLET, 1970) . The significance of these structures has been discussed in detail by STEINER et al. (1964) . However, it still has not been completely decided whether such whorl-like aggregation of agranular endoplasmic reticulum is indicative of progressive activity or of regressive processes of the cell, except for its close relation to increased steroid biosynthesis in ovarian cells (BJERSING, 1967; CRIPS et al., 1970) or testicular cells (CARR and CARR, 1962; CHRISTENSEN, 1965) . On the basis of the present observations, we can, with PETRIX and COLLET (1970) only suggest that such figures may reflect certain metabolic states of the cell related either to cellular aging including the formation of lipofuscin pigments and other related inclusion bodies in the cytoplasm or to unknown pathological agents.
The ciliary muscle is generally believed to be subdivided into three portions; meridional, radial, and circular portions. It has been reported that mitochondria are more numerous in the radial portion than in the meridional one (ISHIKAWA, 1962) . In the present study, however, some muscle cells having a small number of mitochondria and poorly-developed Golgi complex were observed in the radial portion.
Since such muscle cells have no special inclusions except for ordinary cell organelles, their scanty cell organelles are thought to be normal and unrelated to cellular aging, regardless of the presence of a relatively large amount of intercellular collagenic fibrils. 
